Conversion to oral therapy for Enterobacteriaceae bacteremia has the potential to improve the quality of life of patients by improving mobility, eliminating catheterassociated discomfort, decreasing the risk for noninfectious and infectious catheterassociated adverse events, and decreasing health care costs.
G ram-negative bacteremia continues to be associated with considerable morbidity and mortality. 1 Although national guidelines give general recommendations for durations of antibiotic therapy for gram-negative bloodstream infections, the optimal route of administration remains undefined. 2 Most patients with gram-negative bacteremia initially receive parenteral therapy, but it is unclear whether patients can be transitioned to oral therapy after an appropriate clinical response is observed without compromising patient outcomes. Data indicating that conversion to oral therapy for gram-negative bloodstream infections is safe and effective are largely limited to bacteremia secondary to urinary tract sources. [3] [4] [5] Although the comparative efficacy of transitioning patients with gram-negative bloodstream infection to oral stepdown therapy vs continued intravenous (IV) therapy is unknown, the benefits associated with oral step-down therapy are generally well recognized. Oral therapy improves the quality of life of patients by reducing length of hospital stay, improving mobility, and eliminating discomfort associated with IV catheters. 6, 7 Furthermore, oral therapy decreases the risk for noninfectious and infectious catheter-associated adverse events, such as line breakage, venous thrombosis, phlebitis, and catheter-associated bloodstream infections. 6, 7 In addition, oral therapy is associated with lower health care costs by reducing drug preparation and administration fees, as well as costs associated with the placement and maintenance of central lines. 6, 8 We sought to compare the clinical outcomes of hospitalized adult patients receiving oral step-down therapy vs those in patients receiving continued parenteral antibiotic therapy after source control and an appropriate clinical response for the treatment of Enterobacteriaceae bacteremia.
Methods

Setting and Participants
We conducted a multicenter retrospective cohort study that included patients 18 years or older who were hospitalized with monomicrobial Enterobacteriaceae bloodstream infections at The Johns Hopkins Hospital (Baltimore, Maryland) (1154 patient beds), the Hospital of the University of Pennsylvania (Philadelphia) (789 patient beds), and the University of Maryland Medical Center (Baltimore) (772 patient beds) from January 1, 2008, through December 31, 2014. Although all 3 institutions had existing antibiotic stewardship programs, none of the institutions had stewardship initiatives to routinely encourage transition from IV to oral therapy for bacteremia. Study participants had a blood culture positive for 1 of the following organisms: Citrobacter species, Enterobacter species, Escherichia coli, Klebsiella species, Proteus mirabilis, or Serratia marcescens. These organisms were selected because they represent common Enterobacteriaceae recovered from bloodstream infections. 9 This study was approved by the institutions review boards of each of the 3 participating hospitals. A waiver of patient consent was granted because the study was retrospective, involved no interaction with patients, and was considered minimal risk.
Patients in the exposed group (ie, those whose treatment was converted to oral therapy; hereafter referred to as the oral step-down group) had to be transitioned from IV to oral therapy by day 5 of therapy ( Figure 1 ). Day 1 was defined as the first day of in vitro active antibiotic therapy, and antibiotics had to be administered within 24 hours of the time that the first positive blood culture was collected. Because data suggest that 7 days of antibiotics may be sufficient treatment for uncomplicated gram-negative bacteremia, 10 transitioning to oral therapy on day 7 or later may not be meaningful because it is possible that sufficient antibiotic therapy was already administered. Therefore, 5 days was selected as the cut-off for the transition to oral step-down therapy for patients to be included in the oral step-down group. Patients for whom oral antibiotic therapy was initiated on day 1 of bacteremia and those who transitioned to oral therapy after day 5 of therapy were excluded from the study. Unexposed patients were those who continued to receive IV therapy for their entire treatment course. All patients who continued IV therapy had to be candidates for oral step-down therapy to be eligible for this study. Eligibility criteria for oral step-down therapy included meeting all of the following: source control (ie, removal of infected hardware, drainage of infected fluid collections, or resolution of obstruction for biliary or urinary sources) achieved within the first 5 days; availability of an in vitro active oral antibiotic agent; receipt of other enteral medications or food by day 5; and a Pitt bacteremia score of 1 or lower by day 5. The Pitt bacteremia score is a measure of severity of illness, with a possible range from 0 to 14 based on patient's temperature, blood pressure, respiratory, cardiac, and mental status. Higher scores indicate a poorer prognosis. The requirement of a Pitt bacteremia score of 1 or lower by day 5 regardless of the Pitt bacteremia score on day 1 was included to help overcome the likely bias that patients transitioned to oral step-down therapy would have a greater likelihood of an early favorable clinical response to initial management than patients who continued to receive IV therapy. Of note, patients in the oral step-down therapy group also had to meet the same criteria of source control within the initial 5 days and a Pitt bacteremia score of 1 or lower by day 5.
Patients were excluded if they met any of the following criteria: at least 1 in vitro active antibiotic was not initiated within
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24 hours of initial collection of a blood sample for culture; receipt of fewer than 7 or more than 16 days of total antibiotic therapy, because durations greater than 16 days generally imply a complicated infection in which source control may not have been obtained (ie, osteomyelitis, endocarditis or endovascular infection, and meningitis); the bacteria recovered were not susceptible to the prescribed antibiotic regimen for the full duration of therapy (ie, day 1 until completion of therapy regardless of route of administration); receipt of a second in vitro active agent beyond 5 days (eg, for the oral step-down group, transitioning cefepime hydrochloride to oral ciprofloxacin but the continuation of gentamicin sulfate); or death within the first 5 days of treatment, because this may have precluded the opportunity to convert to oral therapy.
Outcomes included 30-day all-cause mortality, 30-day recurrent bloodstream infection with the same organism, and duration of hospitalization from day 1 of bacteremia until hospital discharge.
Clinical Data Collection
All data were extracted by manual review of electronic medical records from the 3 facilities by infectious diseases physicians, and data were stored in a secure and standardized REDCap database.
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The following data were collected: demographic information, preexisting medical conditions, presumed source of bacteremia (eg, pulmonary, skin and soft tissue, urinary tract, biliary, gastrointestinal tract, or catheter-associated) and source control measures, Pitt bacteremia score on day 1 through day 5 of bacteremia, microbiologic data, antibiotic treatment information, and patient outcomes. Antibiotics prescribed at discharge were collected for all patients. Oral step-down agents were further stratified by their bioavailability. Fluoroquinolones or trimethoprimsulfamethoxazole were categorized as moderately to highly bioavailable agents (hereafter referred to as the high-bioavailability group), and oral β-lactams were considered to be lowbioavailability agents, with bioavailability being defined as no significant difference in the absorption of antibiotics administered via the oral or parenteral route. 12, 13 Microbiology Methods Blood cultures were processed by the clinical microbiology laboratories at each of the participating institutions according to standard operating procedures. Antibiotic susceptibility data were determined by the BD Phoenix Automated System (BD Diagnostics) for isolates at The Johns Hopkins Hospital and by the Vitek 2 System (bioMérieux) for isolates at the Hospital of the University of Pennsylvania and the University of Maryland Medical Center. Current Clinical and Laboratory Standards Institute breakpoints were used to define isolates susceptible to the antibiotics administered.
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Statistical Analysis
Statistical analysis was performed from March 2, 2018, to June 2, 2018. We anticipated that there would be inherent differences between patients converted to oral step-down therapy and those who remained on parenteral therapy regardless of the timing of the clinical response to the initial IV antibiotic therapy prescribed and source control measures. We hypothesized that patients continuing to receive IV therapy would be more likely to have a greater severity of illness on day 1 of bacteremia, would be more likely to have complex underlying medical conditions, and would be more likely to have frequent exposures to health care facilities.
Propensity scores were calculated using a multivariable logistic regression model in which the dependent variable was a binary indicator of receipt of oral step-down therapy within the first 5 days (the exposed group). Covariates included in generating the propensity score included age, race/ethnicity, preexisting medical conditions (each included separately: endstage liver disease, end-stage renal disease requiring dialysis, structural lung disease, congestive heart failure with an ejection fraction of <45%, or diabetes), immunocompromised status (each included separately: HIV infection with a CD4 cell count <200/mL, solid organ transplant, hematopoietic stem cell transplant, chemotherapy within 6 months, severe neutropenia 15 [ie, absolute neutrophil count <500/mm 3 at the time of blood sample obtainment for culture], active immunomodulatory therapy, or at least 20 mg of corticosteroids daily for 14 days or longer), Pitt bacteremia score on day 1 of therapy, intensive care unit stay on day 1 of bacteremia, source of bacteremia, prescription of combination antibiotic therapy beyond the first 48 hours (but not more than 5 days because patients who received combination therapy beyond 5 days were excluded), and total duration of antibiotic therapy. One-to-one nearest-neighbor matching without replacement with a caliper width of 0.20 SD was conducted. Standardized mean biases were evaluated to ensure balance after propensity score matching between the oral step-down and IV therapy groups, with a difference of less than 10% between the groups considered to be well balanced. Patient characteristics were compared using the χ 2 test for categorical variables and the Wilcoxon rank sum test for continuous data. Categorical variables were presented as numbers with percentages, and continuous variables were reported as medians and interquartile ranges (IQRs). A 30-day survival curve was developed, and comparisons between the exposure groups were evaluated using the log-rank test. Cox proportional hazard regression models were constructed to obtain hazard ratios (HRs) and 95% CIs for the outcomes of 30-day mortality, 30-day bacteremic relapse, and length of stay from day 1 of bacteremia until hospital discharge. The proportional hazards assumption was checked for all models. Additional adjustment was planned for any variables with P < .10 on univariable analysis in the propensity score-matched cohort. A subgroup analysis was conducted comparing outcomes between patients in the oral step-down therapy group receiving high-bioavailability vs lowbioavailability agents. Two-sided P values ≤05 were used for statistical significance testing. Analyses were performed using the Stata, version 15.0 (Stata Corp) statistical package.
Results
Study Population
In a cohort of 4967 unique adult patients with Enterobacteriaceae bacteremia, 2161 patients met study eligibility criteria. The median (IQR) age of the eligible cohort was 59 years (IQR, 48-69 years); 1185 (54.8%) were male, and 1075 (49.7%) were white. The oral step-down therapy group consisted of 876 patients (40.5%), and the IV therapy group consisted of 1285 patients (59.5%). Patients with Enterobacteriaceae bloodstream infections at all 3 participating hospitals were more likely to continue to receive IV therapy for their entire treatment courses.
Patient and microbial characteristics of the 2161 patients meeting eligibility criteria are presented in Table 1 . There were several notable differences between the 2 groups. Patients who were transitioned to oral step-down therapy were less likely than patients who continued to receive IV therapy to be severely neutropenic (59 patients [6 One-to-one propensity-score matching yielded 1478 patients, with 739 in each study arm. Patient characteristics were well balanced between the 2 treatment groups (Table 1) . Standardized biases for all variables were 0.05 or less (Figure 2) . Patients received a median of 3 days (IQR, 2-4 days) of IV therapy in the oral step-down group and 14 days (IQR, 11-15 days) of IV therapy in the IV group.
Represented isolates among the 1478 patients in the propensity-matched cohort included E coli ( 
Outcomes
In the propensity score-matched cohort, there were 97 deaths (13.1%) in the oral step-down group within 30 days vs 99 (13.4%) in the IV group (HR, 1.03; 95% CI, 0.82-1.30) (Figure 3 ). There were 6 episodes (0.8%) of recurrent bacteremia within 30 days in the oral step-down group vs 4 (0.5%) in the IV group (HR, 0.82; 95% CI, 0.33-2.01). The median time from day 1 of bacteremia to hospital discharge was 5 days (IQR, 3-8 days) in the oral step-down group vs 7 days (IQR, 4-14 days) in the IV group (HR, 0.98; 95% CI, 0.97-1.00; P < .001). Of the 739 patients in the propensity score-matched cohort transitioned to oral step-down therapy, 617 (83.5%) received agents in the high-bioavailability group and 122 (16.5%) received low-bioavailability agents ( Table 2) . Of patients transitioned to a high-bioavailability agent, 518 (83.9%) received a fluoroquinolone. Sixty-eight (11.0%) patients in the highbioavailability group vs 15 (12.3%) patients in the lowbioavailability group died within 30 days (HR, 1.05; 95% CI, 0.67-1.66). Four (0.6%) 30-day recurrences of bacteremia with the same organism occurred in the high-bioavailability group, and none occurred in the low-bioavailability group.
Discussion
In this study, 30-day mortality was not different among hospitalized patients who received oral step-down vs continued parenteral therapy for the treatment of Enterobacteriaceae bloodstream infections. Our study suggests that early oral step-down therapy is an effective treatment approach for patients with Enterobacteriaceae bacteremia who have undergone appropriate source control measures and have demonstrated favorable clinical responses to initial parenteral therapy. More specifically, we found that there was no difference in all-cause mortality or recurrent bacteremia within 30 days for patients converted to oral stepdown therapy vs those who continued to receive parenteral therapy for the remainder of their treatment course. However, patients who were transitioned to oral step-down therapy were discharged from the hospital approximately 2 days earlier than those who continued to receive IV therapy. Although not evaluated in our study, this delay could perhaps be a result of the wait time associated with peripherally inserted central catheter placement, a reluctance of clinicians to send patients home with peripherally inserted central catheters, delays associated with arranging outpatient parenteral antibiotic therapy, or impediments associated with placement of patients in post-acute care facilities.
To our knowledge, there have been no randomized clinical trials designed to specifically address the role of oral step-down therapy for the treatment of Enterobacteriaceae bacteremia. However, the effectiveness of early oral step-down therapy for Enterobacteriaceae bacteremia was previously investigated in an observational study conducted at the Medical University of South Carolina by Rieger and colleagues. 3 These investigators limited their evaluation to patients with Enterobacteriaceae bloodstream infections from urinary tract sources. They compared proportions of treatment failure between 135 patients transitioned to oral step-down therapy (at a median of 4 days) vs 106 patients who continued to receive IV therapy. Owing to their relatively small sample size, the investigators were unable to adjust for the notable differences in severity of illness between the 2 groups. Although the proportion of treatment failure was similar between patients transitioned to oral step-down therapy and those continuing with IV therapy, as with our study, these investigators found that patients transitioned to oral step-down therapy were discharged from the hospital approximately 2 days earlier than those who continued to receive IV therapy. We presumed that patients converted to oral fluoroquinolones or trimethoprim-sulfamethoxazole would be less likely to experience treatment failure than patients transitioned to oral β-lactam agents because of both the high bioavailability and the favorable pharmacokinetic and pharmacodynamic profile of the former agents.
12,13 However, we found no differences in clinical outcomes between patients converted to high-bioavailability vs low-bioavailability agents. Others have found similar results. Kutob and colleagues 16 conducted a retrospective cohort study including 362 patients with gram-negative bloodstream infection to define the role of the bioavailability of oral agents for the treatment of gram-negative bacteremia predominantly from urinary tract sources. As with our study, treatment failures were no adult patients at the Maine Medical Center receiving fluoroquinolones with 84 patients receiving oral β-lactams as step-down therapy for Enterobacteriaceae bacteremia and found no difference in clinical outcomes. Reported success with oral step-down therapy exceeded 85% in both of these studies, as well as in the study by Rieger and colleagues described above. 3 We conducted a post hoc power calculation comparing 30-day mortality between the high-bioavailability and low-bioavailability groups in our cohort but had only 11% power to detect the difference that we observed with our study sample size. All studies to date, including ours, remain underpowered to determine whether the bioavailability of oral agents is less important for uncomplicated Enterobacteriaceae bacteremia after an appropriate clinical response has been observed and source control has been achieved. Therefore, it remains unclear whether no difference exists in clinical outcomes between high-bioavailability and low-bioavailability agents because we had insufficient power to detect a difference if one exists; after the bacterial burden is sufficiently reduced, the bioavailability of the agent becomes less important, or the duration of therapy typically prescribed for gram-negative bloodstream infection is simply too long. Broom and colleagues 18 attempted to further elucidate reasons that clinicians cite when transitioning patients to oral therapy vs continuing IV therapy for bacterial infections. After conducting semistructured interviews with 20 physicians, they identified 3 key issues driving the decision-making process: concern about potential litigation if patients or family members were not satisfied with the treatment course after transition to oral therapy, discomfort with suggesting to senior clinicians that conversion to oral step-down therapy was a reasonable option, and the perception that continued IV antibiotics were more potent than oral step-down therapy. 18 Further education of clinicians is needed to demystify perceptions related to the relative efficacy of oral step-down therapy after appropriate clinical responses are observed.
Limitations
A number of limitations should be accounted for when interpreting our findings. First, owing to the retrospective nature of our study, we most likely were unable to account for all variables that are considered in the decision to transition patients to oral stepdown therapy. For example, the decision to convert to oral stepdown therapy could be somewhat arbitrary across clinicians and influenced by their general comfort level with prescribing oral agents to treat bloodstream infections. We were unable to address this with our available data. We attempted to overcome some of the confounding by indication with the development and incorporation of propensity scores. The use of stringent propensity score matching led to the exclusion of large numbers of patients in the overall cohort; however, it ensured that the 2 comparator groups were similar with regard to demographic characteristics, preexisting medical conditions, source control measures, severity of illness at the onset of bacteremia, use of combination therapy, and overall duration of therapy prescribed. Furthermore, we limited the cohort to patients who received adequate source control, had an appropriate clinical response in the early ensuing days of bacteremia, and received antibiotic therapy that was active against the pathogen for their entire course of therapy. However, we cannot exclude the possibility of additional unmeasured residual factors in the association between transitioning to oral step-down therapy and mortality that we did not address. Second, the outcome of bacteremic relapse was rare and experienced by less than 1% of patients in the cohort. Although it occurred with the same frequency in both the oral step-down and IV therapy groups, the study was underpowered to detect differences in this outcome. Another limitation is the lack of granular data on patient-specific absorption of enteral antibiotics. For example, enteral feeding coadministered with fluoroquinolones has been shown to reduce the antibiotics' absorption by more than 50%. 19, 20 This interference is minimized by refraining from administering specific medications (eg, antacids, multivitamins) and tube feeding for a few hours before and after ingestion of fluoroquinolones. 19, 20 We were unable to account for differences in enteral absorption for patients who received oral therapy. However, all 3 institutions in the study have in-house and discharge paperwork guidance that emphasizes not combining fluoroquinolones with interacting agents. Similarly, we did not evaluate compliance with filling prescriptions and consuming oral medications after hospital discharge. Because clinical failures were similar between the oral step-down and IV therapy groups, this information is likely more relevant in comparisons between patients receiving high-bioavailability vs low-bioavailability oral step-down therapy. Trimethoprim-sulfamethoxazole 160-320 mg orally every 6-12 h High 99 (13.4) 
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